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TEN YEARS OF EVAPORATION IN T H E  SOUTHWEST 

By CHARLES E. LINNEY 

[Weather Bureau. Santa Fe, N. hIex.1 

Theories as to the rate of evaporation and the ele,ments mum and minimum thermometers, rain gaugesand ane- 
that  cause..or promotme it have been multiplied through mometer, the latter exposed beside and just above the 
the years. Beginning as early as IGTO,  British scienbists tank. Just why this pnttern was adopted I do not know, 
were forniulating the,ories of evaporation, and in 16S7 but it afTords a uniform equipment, and the records should 
Edwin Halley gave a paper before the Royal 'Society be in fair accorcl. I hope, therefore, that the following 
wherein he estimated tlie quantity of vapor (evaporation) observations will prove interesting and that in time they 
raised out of the sea by the heat of tlie sun. And c d -  will aid in securing a suitable formula to approximate 
culations were given as 60 the probable amount of evaporation at  any station when the elements which 
evaporation from the hlediterransnn Sea iri a suiiinier enter into evaporation are known-insolation, tempera- 
day. The acce,Ierat#ing influence of wiricl on era.pora t>ion ture, precipitation, humidity, vapor pressure, wind move- 
was observed. Others followed on down t.o John Dalbon, ment, and probably barometric pressure, although I 
who may be called "the father o i  the science. " believe that too muc,h stress has been placed upon 

As early as 1793 Dalton published in London an barometric pressure by some of the investigators who 
essay in which hc set fort,li the proc,ess and circumstanc.es conclude that evaporation is greater in the high altitudes 
promoting evaporation-heat, dq7 air, and decreasing because of the dryness and the reduced air pressure. 
pressure of the atmosphere upon the evaporating surface Thus H a m  says (Climatology, pp. 290-291) : 
are emphasized. In his expeiiriients the rt? te of evap- Under silnilar condit,ions of relative humidity, temperaturn, and 
oration from mater pretty well exposed to t'he S ~ 1 i  ~ I l d  wind relocit.p, evaporation is much greater on mountains than at 
wind never exceeded 0.2 inc.11 daily. In  1801 Dalton lower levels liecause of the diminished pressure aloft. Everything 

tivc liuinidit,y alone is, therefore, no sufficient criterion for the 

iuaking i t  p3ssihlc for t.he water vapor which has been formed to 
lie dist,ributed much inore rapidly through the air, and hence 

The objects are: evaporation is accelerated. 
1. To determine the effect of temperat,ure upon the mt.e of 

evaporation. However, those of us who live in the higher regions of 
3. To det,ermine t.he relative evsporat.ion of different fluids. the Pout,hwest know from daily experience of the increased 
3. To find a rule for asccrtaining the quantity and effect of prec,ipitat,ion 

water vapor previously in the air. 
4. From these and other facts t,o obtain a true theory of evap- paratib-e,ly quiet wind movement that obtains, and the 

oration. records thus far show evaporation considerably less then 
that obtained a t  near-by lower stations. 

Invest,igators have also lamented the lack of uniformity Out of this came tlie Dalton formula. 
And down through the years the problems of evapora- in observations, ,.he lack of equip- 

ment, and the lack of a interest, and a definite 
~l~~~ H~~~~ says: ( 4 1 ~  is, unfortunate~y, a difficult 

st,rictly c,oIllpara~~e. order to carry out such measure- 
l,lents it would be advisable to use evapoIimeters which 
are precisely alike and to expose them in exactly the same 
way. But," lie concludes,"even the amount of evapora- 
tion fronl a perfec,tly free water 
is unce,rta~i, because this depends also upon the depth, 
e\-tent, and of the body of water, amd upon many otller local causes.ll 

we proceed, why so grsat 
variatioIl appears in the comparatively limited areB 
under consideration. 

We,athe,r Bureau evaporation stations began to operate 
bl 1916, so thRt we have approximately of fairly 
complete records for consideration and from 
tl,e dozen stations in Texas, New Mexico, and Arizona. 

The station a.t Santa Fe was placed in operation in 
May, 1916, and has been in continuous since. 
I meIltion this because many of the stations in the 
North and East do not undertake winter The 

published his 11e.w t,jieoly of tile const,itution of inised 'Iries at great altitudes. * * * The rel* 
aerifollll fluids and parti\?ult1rly of the ~tIllW&er~~. ev,sporat,illg powers of a mountain climate, t,he diminished pressure 
Again in 1802 Dtilton, hl his e~pt . r i In~!nt~l  eSSayS SriyS: 

humidity, the cooler ah, and the 

tion have continued to dere.lop many items and artic.les of 
interest. The experiments of Prof. F. H. Bigelow a t  

that pans for e v ~ ~ o r a t i o l l  that were buried ill the ground 
would absorb too much heat from the soil and blierefore 
show a greater evaporation thaI1 that Which was obtained 
from simultaneous observations from pans floated upon 
the surface of water near by. This occurred in observa- 
tions a t  Hemist,on, Oreg., and Granite Reef, Ariz. On 
the other hand, Professor Carpenter, in experiments a t  
Fort Collins, Colo., apparentsly met with the reverse con- 
dition and found both teniperature and evaporation less 
from ground pans than from those which were obtained 
in near-by lakes or reservoirs and increased his figures 
accordingly. A like condition was obtained a t  Croton 
Reservoir, near New Tork City, and the figures from 
early observations a t  the New Mexico Agricultural 
College appear to conform to this and to confirm it when 
compared with data from Lake Avalon and Fort Bliss. 

I n  theory, it would seem as if records whic,h were 
obtained from pans floated upon the u-a.ters of a reservoir 
should show more nearly the c,orrect evaporation than 

Reno, Ner*, find at Sdton Sea, te'nded to nlatter to make obselvations of evaporation which shall be 

under 

It thus be apparent, 

thosegwhich were Obtained Pans buried in the 
ground near by or fron' those plac'ed above the ground 
near by. and the conclusions Of Professor 

results &ow 8.n average annual evaporation of 64.707 
inches. The year 1917, which was the d ies t  during the 
period, gave the largest evaporation, 75.gJ5 inches, while Bige1ow) the standard adopted by "le mTeather 

Bureau consists of a 4-foot galvanized iron pan, 10 

circulation of air all round the pan, a still well and hook 
gauge, and, near by, a cotton region shelter wit>h maxi- 

1919, the wet,t.e.st, gave the lowe.st, 56.397 inches. The 
year 1917 was much warmer and drier and more -dy 

I~lnSIIlluni evaporation and the latter a year with mini- 

inches in exposed on "*' Platform of 'Paced 
'lie Pou1id for 

than 11~11~1, while, on the other ha,nd, the year 1919 was 
cool,. quiet, and wet. The fomler represents a year with by timbers, raised slightlY 

-. - __. ._ . 
-- The march t,hrougli the year begins with a minimum 

in December, whic,h averages 1.393 inches, and increases 1 MONTHLY WEATEER REVIEW: July. 1907, 35:311-316; Fehruary. 190s. 36:24-39; 
Annual Summnry, 190s; 36343i-445; February, 1~10,38:30i-316; J ~ ~ Y ,  1~1o.u: 1133-1135. 
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slowly in January, February, and March, while more or 
less ice obstructs the pan, but jumps (almost doubles) 
in April, with the increasing warmth and wind, going up 
rapidly until it reaches the maximum of the year in June, 
and going steadily downward thereafter to the mininium 
in December. The greatest monthly amount measured 
during the period was 11.989 inches in June, 1924, 
although almost as large an amount WRS measured in 
June, 1916, and June, 1917. The greatest heat of the 
year occurs in July, but it is also the wettest month of 
the year and much less windy than June; hence the greater 
evaporation in the latter month. 

An interesting side light is cast upon the evaporation 
of the station and of the Southwest by a conipnrison of 
the actual results with the theoretical values given by 
Prof. Thomas Russell in the MONTHLY WEATHER 
REVIEW in 1888 (p. 239). He places the figure for 
Santa Fe a t  79.8 inches, apparently having given too high 
value to the effect of altitude and, in theory, the drier 
atmosphere due to this factor. 

TABLE 1.-Estimaied evaporation 
[Inches] 

F o r t D a v i s  ______________-. 5.4 5.7 6 . 7  
F o r t S t a n t o n  _ _ _ _ _ _ _ _  ~ ___.. 3 . 9  3 .9  5 . 2  
ElPaso _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -  4.0 3.9 6.0 
B a n t a F e  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3.0 3.4 4.2 
F o r t A p a c h e  _ _ _ _ _ _ _ _ _ _ _ _ - -  2.6 3 . 0  3 . 6  
FortGrant _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  5 . 2  4.8 6 . 4  
Prasmtt  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.4 2.R 3.R 
Yuma . . . . . . . . . . . . . . . . . . . . .  4.4 5.2 6.6 

I will content myself in this paper with n rnther close 
survey of the data from the agricultural college nnd n 
more general and brief survey of the others in the group. 

The agricultural college was niade R standard stat8ion 
in September, 1918, honce has an eight-yenr record, and 
this is complete for temperature, precipitat,ion, wind 
velocity, humidity, vapor pressure, dew point, and the 
resulting evaporation. I have riot included the w-et and 
dry roadings nor the results to be obtained from them in 
the summary table. As a t  Santa Fe, so also a t  this sta- 
tion the lowest of the year occurs in December nnd the 
highest in June, with, however, R more uiiifonii rtsce.nt 
and decline, since the season of ice is much shorter and 
accordingly much less troublesome. The annunl average 
is 88.254 inches. The average monthly minimum is 2.520 
inches in December and t>he average monthly iiiasinium 
11.906 in June, when clear skies, hea.t, dryness, and wind 
combine to give the largest evaporation. The niasiniuni 
yearly record was 98.014 inches in 1922 and the minimum 
75.566 in 1926, the latter a quiet, c.001, wet. year. 

Within the State of New Mesico the greatest evapora- 
tion is apparently a t  the Elephant Butte Da.m station. 
The pan here is placed on the bank of the lake about 
100 feet above the water and is very freely esposed 60 the 
winds. The annual average is 100.617 inches, wit,h R 
maximum of 109.692 inches hi 1917 and a minimum of 
84.247 inches in 1926, the former R dry, hot, windy year 
and the latter a wet, cool, and comparatively quiet, one. 

One of the interesting comparisons made possible-by 
the d years 1924-25 and the consequent empt'ying of 
Lake yvalon is that of the floating pan which for several 

ears had been exposed in the spillway basin of the lake, 
gut, because of the dryness and lack of water, WRS 
removed.to the land adjacent. The annual average, RS 
shown by the floating pan, is about 75.250 inches, but 

with the placing of the pan upon the land it a t  once 
jumped to 112.850 inches for the ear 1925, and wodd 

record could have been kept for the ent,ire year. A brief 
record from a floating pan a t  Santa Fe, taken by the 
State engineer some years ago, showed an annual average 
of 59.370 inches. A similar record a t  Fort Bliss (from:a 
pan on the Rio Grande) gave 85.910 inches, another a t  
Elephant Butte gave S6.950 inches, and a sunken pan 
a t  the agricultural college gave 67.640 inches. On the 
ot,her hand open pans a t  Carlsbad, N. Mex., and Granite 
Reef, Ariz., gave 107.250 and 115.180 inches, respectively. 

On the plains a station at  Spur, Dicliens County, Tex., 
in a record froni 1922 to 1926, inclusive, shows an annual 
avernge of 64.902 inches, with R maximum of 71.763 
inches in 1922 and R minimum of 53.175 inches in 1926. 
The highest mont~lily record during the period was 10.923 
inches ni July, 1922, and the lowest 1.522 inches in Decem- 
ber, 1926. The average for this station seems low, but 
may be account,ed for by increased rainfall. However, 
a sunken pan stntion at  the esperinient farm near 
Tucumcnri, N. Mes., nlthough having records for the 
growing senson only (April to September), se,ems to 
show a much larger averttge, due to the high winds of 
the plains count,ry. And n t  t,his station a'maximum 
mouthly record of 12.380 inches was noted in July, 1922. 

In niic1-we.st Tesns, at  Hill's ranch, the annual evapora- 
tion nvernges G6.565 inches, with a maximum yearly 
unioiiiit of 80.447 inches in 1917 and R minimum yearly 
nnioiint, of G0.422 inches in 19%. The highest monthly 
record wns 12.335 inches in July, 1918, and the lowest 
1.838 inches in December, 1936. 

A third station in Texas, Becville, is on the coast and, 
while not in the Sout,west, proper, is interesting as show- 
ing t,he reduction due to increase in precipitation, for 
tenipcraturcs a.re high at  the station and the wind move- 
ment is the greatest of any of the stations under consid- 
ernt8ion. This st,at,ion shows nn annual average of 60.683 
inchcs, wit,h a maximum of 67.541 inches in 1925 and a 
minimum of 53.652 in 1936. 

Lee's 
ferry, on the north bank of the Colorado River, has but 
one complete year of record during the period. 

The station at  Roosevelt, by the side of the lake, shows 
a n  ~nnultl  avernge of 84.004 inches; highest yearly, 
94.642 inches in 1917; lowest yearly 82.421 in 1920; 
highest monthly, 13.720 inches in June, 1921; lowest 
monthly, 1.496 in December, 1936, a month with 4.70 
inches precipita t,ion. 

The Mesa experiment station, in the center of the State, 
shows 811 annunl nverage of only 77.356 inches, due, 
probnbly, to the exposure of t,he pan in R field of alfalfa; 
highest yesrly SS.905 inches 111 1921 ; lowest yearly 66.951 
in 1926; highest monthly 12.832 inches in June, 1921; 
lowest monthly 1.792 inches in January, 1917, a month 
with light wiiids, much precipitation and cool weather. 

Wilcos, in the southeast pnrt of Arizona, shows an 
annual average of 91.701 inches; highest 105.545 inches 
in 1924; lowe,st 83.441 inches in 1919; highest monthly 
13.943 inches in June, 1917; lowest, 2.567 in January, 
1917, the latter a wet, cool, and rather quiet month. 

The Yuma citrus station, nn exposure southwest of 
the city of Yuma on the bare mesa, shows an annual 
average of 121.608 inches; highest 135.688 inches in 1921; 
lowest 111.300 in 1926; highest monthly 20.363 inches in 
J ~ l y ,  1924; lowest 2.960 inches in December, 1926, a 
cool, quiet, and wet month. And, finally, the Yuma 
evaporation station on the mesa near to the city, with the 
pan exposed in a field of alfalfa. This shows an annual 

probably have exceeded 100 inches 9 or the year 1926 if the 

In Arizona six stnt,ions have been maint,ained. 

. .  . 
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average of 74.557 inches; highest 87.992 inches in 1918, 
lowest 70.303 inches in 1920; highest monthly 13.841 
inches in June, 1918; lowest 1.971 inches in December, 
1922. 

It is evident, from the figures which have been given, 
that exposure has much to do with the resulting evapora- 
tion. The rema:kable difference shown between the 
Yuma citrus and the Yunia evaporation stations proves 
this beyond a doubt, so that i t  is a great question if the 
stations for which I have presented data are, after all 
comparable one with another. But with the elimination 
of the Mesa experiment station and the Tunia evapora- 
tion station, where the exposures are in fields of alfalfa, 
the remainder appear in fair accord, greater wind velocity 

Clear days  ............................. 

Temperature .......................... 
Precipitation .......................... 
Evaporation ........................... 
Wind .................................. 
Clear days  ............................. 

Temperature .......................... 
Precipitation .......................... 
Evaporation ........................... 

, Elephant Butte, N. Mex.: 

Lake Avalon, N .  Mea.: 

accounting for the higher evaporation a t  the Elephant 
Butte Dam, over the record for the agricultural college, 
which is equally warm and dry. 

The real practical value of all this lies in the knowledge 
of the loss from ditches, streams, reservoirs, lakes, ete., 
to irrigation and the effect upon crops and soils. Davis, 
in discussing the loss to reservoirs near Phoenix, suggests 
reducing this loss by covering the surface of the water 
with a film of crude oil, a plan adopted by the users of 
"wet " cell bat,terics many years since. And Professor 
Hoffnian considers it important in a dry climate to keep 
t8he soil covered with moss or dead leaves to prevent 
drying out-this is the dust mulch theory of cultivstion, 
which has long been practiced in dry farming in the West. 
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